Data suggest that modulation of synaptic strength by incorporation of GluR4-containing AMPARs occurs during conditioned response (CR) acquisition in an in vitro model of classical conditioning. Here we extend these findings by showing that synaptically localized GluR4 subunits parallels the expression of CRs during conditioning training in which there is differential expression of CRs, such as during acquisition, extinction, and reacquisition. Moreover, colocalization and coimmunoprecipitation data suggest that Arc associates with GluR4-containing AMPARs during these different training procedures. Once induced, Arc remains present in synapses during these phases of conditioning. The results are consistent with the interpretation that synaptic incorporation of GluR4-containing AMPARs supports the expression of CRs in this preparation, and that Arc may be involved in trafficking of GluR4 subunits during conditioning. Moreover, the maintained presence of synaptically localized Arc during all phases of conditioning examined indicates that synapses do not return to their naïve state after extinction and that, given the potential trafficking function of Arc, may facilitate relearning after extinction.
Introduction
Recent interest in examining the extinction phenomenon during learning has grown because of its potential impact on clinical treatments for anxiety disorders such as post-traumatic stress disorder (PTSD; Maren & Chang, 2006) . A gradual decline in learned responses, or extinction, occurs when the response is no longer paired with a reinforcing unconditioned stimulus (US). Studies suggest that extinction does not erase the original learning and is a result of new learning (Mauk & Ohyama, 2004; Myers & Davis, 2007) . That is, a new association is made between the conditioned stimulus (CS) and absence of reinforcement that may be an inhibitory process suppressing the original learning. This interpretation is commonly supported by the observation of ''savings" in which relearning is faster than the original learning. Despite the recent focus on extinction, it remains controversial as to whether it engages the same or different mechanisms used in the original acquisition of learned responses. Studies indicate that acquisition and extinction share some common mechanisms. For fear learning, the mitogen-activated protein kinases (MAPKs) mediate both conditioning and extinction (Lin, Yeh, Lu, & Gean, 2003) . Activation of NMDARs and calcium entry is also required for both (Lin et al., 2003; Suzuki et al., 2004) . On the other hand, there are a number of differences that distinguish mechanisms of acquisition from extinction such as the role of L-type voltage-gated calcium channels and the activation pattern of the transcription factor CREB (Lin et al., 2003; Suzuki et al., 2004 ). An important mechanistic difference is that acquisition of fear conditioning has been shown to drive synaptic insertion of AMPARs in the amygdala (Rumpel, LeDoux, Zador, & Malinow, 2005) while extinction training reduces surface expression of AMPARs as a result of NMDA-induced endocytosis (Mao, Hsiao, & Gean, 2006) . Recent evidence is advancing the notion that the immediateearly genes (IEGs) such as activity-regulated cytoskeleton associated protein (Arc or Arg 3.1) and neuronal activity-regulated pentraxin (Narp) function in the modulation of synaptic strength by regulation of AMPAR trafficking (Mokin, Lindahl, & Keifer, 2006; O'Brien et al., 2002; Rial Verde, Lee-Osbourne, Worley, Malinow, & Cline, 2006; Shepherd et al., 2006) . Induction of Arc expression is strongly linked with acquisition and consolidation of synaptic plasticity in a variety of behavioral learning tasks (Guzowski, 2002) . Locally synthesized Arc mRNA is transported and accumulates selectively in activated dendritic segments of hippocampal neurons (Steward, Wallace, Lyford, & Worley, 1998; Steward & Worley, 2001) . Since Arc protein interacts with cytoskeletal proteins as well as the endophilin-dynamin endocytic pathway within the postsynaptic density (PSD; Chowdhury et al., 2006; Lyford et al., 1995) it is not surprising that recent studies have revealed a neurotransmitter receptor trafficking function for Arc which is likely to underlie the behavioral changes associated with Arc expression.
